This study compared body mass index (BMI) and inverted BMI (iBMI) as predictors of body fatness in 177 Portuguese children (149 girls and 96 boys) aged 7-16 years. Participants undertook measures of height and body mass from which BMI (kg/m 2 ) and iBMI (cm 2 /kg) were determined. Maturation was determined via self-report and fat mass index (FMI, kg/m 2 ) via dual-energy X-ray absorptiometry. Significant relationships were evident between BMI and iBMI and FMI (both P ¼ 0.0001). BMI was not normally distributed (P ¼ 0.0001) but iBMI was (P40.05). Analysis of covariance identified that BMI and iBMI, controlling for maturation, were both significant predictors of FMI (both P ¼ 0.0001) but that iBMI predicted a slightly greater amount of the variance (adjusted R 2 ¼ 0.970) compared with BMI (adjusted R 2 ¼ 0.968). This study suggests that iBMI is a similar proxy for body fatness compared with BMI in children. 3 This is understandable due to its simplicity, cost and labor effectiveness compared with other body composition assessment techniques.
INTRODUCTION
The use of body mass index (BMI, kg/m 2 ) as a measure of weight status is widespread, 1 and consistently, studies of the effect of weight status on health use BMI as a measure of overweight/ obesity. 2 BMI is also the recommended means by which to assess weight status internationally. 3 This is understandable due to its simplicity, cost and labor effectiveness compared with other body composition assessment techniques. 2, 4 The validity of BMI is based on the assumption that as BMI increases so does adiposity. 2 This assumption has been questioned by studies reporting strong evidence of curvature in this association 5, 6 and is important in pediatric samples as growth and maturation influences the BMI-body fat relationship in children. 7 Furthermore, previous authors have identified that BMI is not normally distributed in children 8, 9 and thus when used in statistical analysis, assumptions of normality are violated and inferences made cannot be trusted. 9 In response, researchers have proposed an alternative measure named inverse BMI (iBMI, cm 2 /kg) as a more suitable proxy for body fatness in epidemiological research. 1, 9, 10 The rationale for iBMI as a measure of adiposity has been clearly set out by Nevill and Holder 9 and is based on sound biological principles with the major difference between iBMi and BMI being that the former is a measure of leanness whereas BMI purports to be a measure of adiposity (See Nevill and Holder 9 for a review). Pediatric-based studies have demonstrated that iBMI is a better predictor of physical activity 8 and resting blood pressure 11 and comparable to BMI in predicting skinfold-determined body fatness. 12 Adult-based work has evidenced that iBMI is a superior proxy for body fat compared with BMI. 1 However, the utility of iBMI as a proxy for body fatness in pediatric samples has not been fully investigated, and research needs to ascertain how iBMI compares to actual fatness using a gold standard measurement technique to provide robust data to support or refute its use as a proxy for adiposity in pediatric samples. This study compared BMI and iBMI as predictors of dual-energy X-ray absorptiometry (DEXA)-determined fatness in children.
METHODS
Children and adolescents from six schools in Porto district took part in this study. This is a baseline of a 10-month school-based intervention named 'ACORDA Project' This project is part of a longitudinal study aimed to increase physical activity levels in children and adolescents with overweight or obesity. However, for ethical reasons normal weight children who showed interest in participating were also included in the program. The percentages of participants classified as 'normal weight', 'overweight' and 'obese' according to the International Obesity Task Force cutoffs 3 for girls and boys are presented in Table 1 .
Following informed consent and approval by the faculty and the Portuguese Foundation for Science and Technology Ethics Committee, 177 children (149 girls and 96 boys) aged 7-16 years (mean age ± s.d. ¼ 9.7 ± 2.4 years) agreed to participate. Participants were free of medical treatment and did not have any musculoskeletal disorder or medical condition precluding their participation.
Anthropometric measures
Height was measured to the nearest millimetre in bare feet using a stadiometre (Holtain Ltd, Crymmych, Pembrokeshire, UK). Body mass was measured to the nearest 0.1 kg, with the participant lightly dressed using a portable electronic weight scale (Seca 708, Seca Instruments, Hamburg, Germany). BMI was determined as kg/m 2 and iBMI was determined as cm 2 /kg.
DEXA
Body fatness was determined using DEXA (Explorer QDR 4500, Hologic, Bedford, MA, USA) using a whole-body protocol. Participants were placed in a supine position with their arms in extension near the trunk and lower 1 limbs in extension, with a slight abduction of the feet. Students removed clothes and all metallic objects (earrings, watches, and so on) and wore a gown during testing. DEXA data were then used to determine fat mass index (FMI, kg/m 2 ) using directly determined estimates of fat mass and following recommendations for the use of FMI in obesity-related research. 13 
Maturation assessment
Maturation was determined by Tanner's criteria via the self-assessment of secondary sex characteristics 14 following procedures previously validated in a similar sample. 15 The percentages of participants classified in each of Tanner's maturational stages 14 for girls and boys are presented in Table 2 .
Statistical analysis
The relationship between BMI, iBMI and FMI was determined using Pearson's product moment correlations. Data were assessed for normality using the Shapiro-Wilk test. Analysis of covariance was used to determine the extent to which BMI and iBMI and were predictive of FMI controlling for sexual maturation. Statistical significance was set at 0.05 a priori and the Statistical Package for Social Sciences (Version 20, SPSS Inc., Chicago, IL, USA) was used for all analysis.
RESULTS
Pearson's product moment correlations indicated significant relationships between BMI and FMI (r ¼ 0.970, P ¼ 0.0001, see Figure 1a ) and iBMI and percentage of body fatness (r ¼ À 0.957, P ¼ 0.0001, see Figure 1b) . Results from the Shapiro-Wilk test indicated that BMI was not normally distributed (P ¼ 0.0001) but that iBMI was normally distributed (P40.05). Analysis of covariance also identified that BMI and iBMI, controlling for maturation, were both significant predictors of FMI (both P ¼ 0.0001) but that iBMI predicted slightly more of the variance in FMI (adjusted R 2 ¼ 0.970) compared with BMI (adjusted R 2 ¼ 0.968).
DISCUSSION
This study has added to previous research by examining the utility of iBMI in predicting DEXA-determined body fatness in a pediatric population. The novel aspect of this study is that iBMI predicted 97% of the variance in FMI determined via DEXA. This was similar to BMI, which predicted 96.8% of the variance in FMI. Moreover, BMI was not normally distributed, whereas iBMI was. These results support previous assertions in adults 1 and children 8, 11 that iBMI is a useful proxy for body fatness compared with BMI.
However, this study is not without its limitations. Data were drawn from a sample of obese individuals ranging in age from 7 to 16 years. Clearly, the participants in this sample will represent different stages of maturation, and although maturation was assessed in the present study, growth and maturation changes as a result of ageing in childhood into adolescence may have influenced the association between iBMI and BMI with FMI.
In conclusion, this exploratory study suggests that iBMI is a similar proxy for FMI compared with BMI in children and could be considered alongside or instead of BMI when analyzing weight status data. 
